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@ A blood i^essure monlMng ^Qtrument monitors 
both sysldlo and diastotio blo6d pmswm W» a npi^ 
mtrf mode of operation, b«t monitors only systolic 
blood pressure In a stat nfioda to provide a rapid 
Indtcatton of Wood pressure, and to provide a series 
of blood presetire readings in r£^)ld successton. A 
ptethysmographio signal can be used to detect re- 
turn to pulsatile flow aa the cuff or occKidlr^ pres- 
sure decreases during stat mode operation. 
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BUOOD PRESSURE MOrRTORR^Q K»m«}DS AND APPARATUS 



The present invention relates to medlcti .tn- 
sttumentatfort and particuterlir relates to blood pres- 
sure mortitorlng meShods and apparatus. 

The blood pressure and pulse of a living sub- 
ject may be monitored during medicai procsduras 
such as surgical operations and the like, Conven- 
tional monitoring instruments includes means for 
automatlcaliy laklns oeclHtHitetrlc blood pressure 
reeKHngs. Thus, the Insfttmient typkj^(y inclocfes a 
cuff, a gas pressure pump for infteting the taiff and 
a pressure sensor connected to ths cuff. In use, 8w 
cuff is applied to a Itmb of the subject and auto- 
maticaliy inflated and deflated so that ttie pressure 
wtthir! the cuff varies lirom above the systolic btood 
pi-essure to below the diastolic blood pressure. As 
the inflation pressure decreases to the systoBo 
btood pressure, the fluid pressure signal pro\rtded 
by the .sensor begins to osclitate. The apparatus 
includes means tor dsteollng onset of these oscilla- 
Sons In the W pressure signal and capturing the 
fluid pressure prevailing at tiro onset of such os- 
ciliatlons as the systolic blood pressure of the 
subject. When the fluid pressure v^lhin the cuff 
declines ftirther, to the subject's diastolic btood 
pressure, the magnitude of these oscillations de- 
creases maricedly. in response to this further 
change, the apparatus captures the prevalilng pres- 
sure wthin the cuff as the patient's diastolic blood 
pressure, Typically, these measurement cycles are 
repeated at predetennlned Intervals, as, for exam- 
pie, every Pew minutes. The apparatus also may be 
adapted to repeat the osctliometrlc blood pressure 
measurement cycle on demand, in response to a 
manual actuation. These systolic and diastolic 
bhwd pressures logetiier provide th© pJiyslclan 
with the complete daifa needed for monitoring the 
patient's condffion over the Iwig term, end the 
osclllometfic mossurement method OT(flnarily pro- 
vides accurate values, 

However, the cuff must be deflated progres- 
sively, at a cor»troiled slovi? rate during this osdf- 
lotnelric measurement cycle, and the complete 
trwaswernent cycle required to detenfinino both Vn& 
systoBc and diastolic pressures requires a cwtsld- 
«rable Ifiterval, The response 8me of ths appa-atus 
after m»iua| actuation is at least equal to this 
Interval. Also, the time between successive Wood 
pressure measuremwtfs is at least equal to this 
interval. In an eme^ency, the physician may need 
an Immediate blood pressure reading ancW)r a se- 
ries of blood pressure readirtgs taken in rapid suo- 
oessiorv 

There hawe aocorcfingly been unmet needs 
heretofore for trfood pressure monitoring t^paratus 
and methotte wftioh can provide an Immediate in- 



dfcatfon qf btocsd pressure wrfwn needed, and which 
can provide blood pressure readings in rapid suc- 
cession. There have been particular needs for ap- 
paratus and methods which can provide complete 

6 blood pressure indications siilteble for long-term 
patient monitoring, such as indications of both ths 
systolic md diastolic blood pressures, but which 
can provide an indication of blood pressure 
immediately wher» nwded. 

'fij Tf» pr«8errt InvwttcMft addresses those needs, 
Aqoordtng to one aspect of the present Inven- 
Hot, s^arahjs for monitoring blood pressure in a 
subject is chariwjteilsed by 

(a) pressure application means for applying 

(6 m occluding pressure to a predetermined pressure 
appRoation Fej^wt of the body of said subject; 

{b) transdocw means for generating one or 
more signals representative of blood fkw through 
raid pressure application region; 

20 (c) signal processor means for monitoring at 
least one of said one or more signals; 

(d) controi means for automatically actuating 
said pressure application means, transducer means 
and, signal processor means so as to determine 

SB CN^ the systollo t^d pinessure. of sa^d subfsct 

Prel^rred embodimertts of apparatus according 
to this aspect of the Im^enlton can provide the , 
conH)l9t9. ac(!urate blood pressure Information 
needed for long term monltorl)^, and can also 

90 provide raf^d blood pressiire indications as needed • 
to monitor rapid changes in the subject's condition. 

Apparatus according to this aspect of the 
present invention preferably includes pressure ap- 
pIlcattOTi means, such as an Ictflatabie cuff, for 

38 apErtyIng an ocdudhig pi^sure to a pnwsufs ap- 
pllcaUort region of the subject's body, ty|^(»lty the 
v^spw mvi, Transckicer means are provided for 
generaling one w more signals representative of 
blood flow through that pressure application region. 

40 Signal processor means are provided for monitor- 
ing the signal or signals generated by the trans- 
ducer means. The apparalus preferabiy also m- 
oludes control means having a norm^ mode and a 
Stat mode, and manually acbi^te ssMon means 

4B for selecting the stat mode when required, in the 
norni^ mode, the control mearis Is operative !o 
actuate the fS'essure application means, transducer 
means and signal processor means so as to deter- 
mfiie both the systolic and diastolic pressures, in 

so the Stat mrate, the control mean? automatically 
actumes the pressure application means, trans- 
ducer means and signal processor means so as te> 
determine o>^ one of these E^ood pressures. Most 
preferably Ihs systolic l^ood pressure Is defies 
miried repeatedly in the stat mocte. 
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On each repetition of the systoflc blood pres- 
sure measurement !n the stat mode, Bib oocKidlf^ 
pressure may be adjusted to a starting presswre 
differing from (he systolic prsssiffe and the oc- 
cluding pressure rriay then be varied unfit the 8 
riBte generafed by the transducer means indicate a 
change In the Wood flow, wherevpon the prevetling 
occluding pressure can be captared and displayed 
as tiie systolic pressure. Most preferably, ttie start- 
ing pressure used on each systolic pressure deter- fo 
mlnation in the stat mode is Just sllgh«y above the 
systolic preasuiB, so that blood flow te sobstei^^ty 
occluded when the occludh^g preeaura is at ttie 
starting point. Tt»e elgn^ processor means may be 
arranged to detect a oiiange in the ^gnal from the j6 
transducer means which Indicates resumption of 
blood flow and capture the occluding pressure pre- 
vailing at the time of such resumption as the 
systolic pressure. 

In the stat mode, the pressure need not vary at so 
a progressive, limJted rate over tfte entire range 
encompassing the systolic and diastolic pwessure. 
Rather, the pressure need only very progressively 
over the relatively narrow range from the starting 
pressure to the actual systoilc pressure. Therefore, ts 
the instrument can provide systolic pressure read- 
ings In rafrfd succession. 

The pressure applying means preferably in- 
dudes a device such as e cuff having a distertsible 
presswe applying member and means for provid' m 
Ing fluid under pressure within, the distsna'We 
member. The transducer means may Include a 
fluid pressure transducer connected to the disten- 
sible member, in the norma! mode, the signal pro- . 
cessing means may detect oscillations In the fluid ss 
pressure, signal from this transducer to perfonm an 
osclSloroetric blood pressure determination. Prefer- 
ably, the transducer means also includes an addi- 
tional tr^ieduoer for cSeteotIng changes tn blood 
flow Independent^ of (he fluid pressure signal, to 
Thus, the transducer means may Include piethys- 
mograph means for provfeSng a pie«iysmograph ' 
signal representing blood volume wRhin an .ans- 
tomioal feature of the subject, sut^ as a fingerttp, 
distal to the region engaged wiei the pressure is 
applying means. OsclHations In the ptethyemogrq* 
signal will Indicate occurrence of pulMttle blood 
How through Uie portion of the' subject engaged by • 

pressure applying means, The signal process- 
ing means may be arranged to detoct oscillations so 
in the piethysmograph signal and capture the oc- 
cluding pressure of fluid pressure In ffie cuff pre- 
vailing upon commencement of these osfrfiteltons 
as the systolic blood pressure. Because the stat 
mode systolic pressia© cfeterminatton does not de- ss 
pend upon sensing oscBlations )n the occluding 
pressure or ctrff flWd pmsm, the occluding pres* 
sure can be decreased raptdty without causing 



spurious sign^s. Thus, the system can provide a 
Wood pressure reading promptly after it enters the 
stat mode. 

The piethysmograph means may Include a 
simpte light source and photodetector assen^bly 
together with appropriate devices for amplifying the 
signal from the photodetector. The piethysmograph 
means may also serve as pert of a pulse maasur- 
tng system. IViost preferably, the apparatus auto- 
matically adjusts the amplifier gain to provide an 
wnpBfied sign^ of the desired amplHude and es- 
tablls^s an average value for the pulse period and 
tests the amplified piethysmograph signal while 
monitoring the pulse during dwelt periods between 
pressure measurements. The system may include 
safety features to prevent stat rode operation if a 
good plettiysmograph signal cannot be obtained. 
Also, the average pulse period can be used as a 
staidard to reject invalid pletbysmcgrafrfi signals in 
the stat mode. The control means and signal pro- 
cessor mews may be provided as elements of a 
micfoprooessor or microcomputer, and the same 
microprocessor or microcomputer can be em- 
ployed to perform other machine operations as 
well. The same pressure application means as uti- 
lized fw the normal mode determinations can be 
used for stst mode operation as well. Thus, the stat 
mod9 c^)*iiity can be provided in the apparatus 
at only a minimal cost. Moreover, this added func- 
tion Is achieved wifiiout adding yet another instru- 
ment to the operating room environment. 

Accorcflng to a further aspect of the present 
Invention, a method of monilrarlng blood pressiMfe 
of a subject is characterised tiy the steps of: 

(a) automatically monitoring both me systoilc 
and diastolic biood pressures of said subject in a 
normal mode ol operation; and 

(b) Intsrrupang saW normal mode of opera- 
tion in response to a manually applied actuation: 
and' 

(c) automatically determining only the 
systolic biood pressure of said subject in a stat 
mode of operation when said norm^ mode of op- 
eration Is Interrupted in response to said mamiaify 
applied ©jtuation. 

In tiie prefen'ed methods, both the systoilc and 
diastolic pressures are monitored in a normal 
mode, whereas wily ttie syst(Hic pressure is mon- 
itored m the stat mode, using the same pressure 
application means or cuff as employed for the 
normal mode monitoring step. Monitoring methods 
according to this aspect of the present invention 
provide benefits slmflar to those discussed above 
in connectton with the ttpoBUBims. 

An embodiment of the invention will now be 
desolbed, by way of example^ reference being 
made to the Figures of the accompanying cflagram- 
, matic drawings In wWch; 



Rgure 1 Is a schematic perspecttve vfew of 
apparatus accordtng to one embodlmefit of the 
present Invention. 

Figure 2 Is a schematic view, peallaliy in 
block diagram form, of XhQ apparatus shown in 

Figures 3 and 4 are eadi simplified in^fc 
dlogfams tituslretlne st^s fn i^aflon of tiie ap> 
paratus shown Irt Figs. 1 «md 2. 

Apparatus accordir^g to on© embodiment erf the 
present Ir^ventJon Inclydes a houstrjg 10 wHIi a 
systolic blood pressure display 12, mean blood 
pressure- display 14, diastolic blood pressure dis- 
play 16 end pulse rate display 18 mounted to a 
front pawl. These displays W9 all d^lte! displays, 
A "Stat" or Immediate bbod f^sure reading, but- 
ton 22 is also mounted on ttie frortt |«nel of hous- 
ing 10, along with other operating oontrofs (not 
sliown). 

The apparatus also Includes a cuff 24 airartged 
for mounting on the arm of a human pgtient or 
subject P, Cuff 24 Incorporates a distensible blad- 
der 28 connected via a supply tubs 28 to 8 pump 
ZO snd valve 32, and to a pressure ^sducer 34. 
Pump 30 and valva' 32 ar© connected via coriven- 
iional Interfacing cIncuH? 38 tuid 38 to the certtra! 
microprocessor 40 of the apparatus. Pressure ffan» 
sducer 34 is also connected via conventional Inter- 
facing circuitry 46 to the master mlcroproceasor 
40, Microprocessor 40 Is an-anged to perform both 
control and signal processing functions as de- 
scribed hereinbeiow, and accordingly Is sliown as 
including a control portion 42 and a sign^ process- 
ing portion 44, As will be apfKBciated, this block 
funcBonal depiction Is merely fw purpeeee of 11- 
lustraSon. As is conventional fn mloraprocessw 
strucftires, many of fiie sane ccmtpoitents perfomi 
both control and sfgnal processing operations at . 
difierent Umes. 

Mica-oprocessor 40 is linked to a momentary 
switch 48 which is mechanically connected lo stat 
(H^ssure resd^i button 22, anid the mka-oproces- . 
SOT 40 Is ^90 connected to each of the dteplays 
12, Hie and 18. 

The s^jparatus steo includes a fingertip probe ■ 
50 adapted to engage the tip of the subiecrs finger 
F on the same arm where the cuff 24 is mounted. 
FlngerHp probe SO Includes an infrared light emft- 
tlng diode 64, a red light emltttrig diode 62 and a 
photodetectpr 5S. Ttw light emitting diodes 62 and 
S4, and the [^otodetector 5S are mourrted wHhin 
fingertip probe 50 so that the light emitted by 
dioass S2 and S4 passes along a predeiterfrdned 
light path attti Impinges apon detector 65, Probe 50 
also Includes convenBoiral devices 63 for hoWing 
the probe on the finger F without obstaioOng blood 
flow to the fSngertip, 

Diodes 52 and 54 are linked via leads 56 and 



58 to conventional power supply circuits 02 aid 64 
controlled by microprocessor 40. leads 56 and 68 
m Incorporated In a multi-lead cable 60 connect- 
ing fingertip probe 60 and housing 10. A further 

s lead 86 of caWe ffi) connects the photodeteetor 55 
of flngerBp probe 50 to photodeteelor lnterfa(» 88. 
The photodetieclor interface Includes a tow pass 
Sfler 70 connected directly to the output of the 
pfliotodetector and a fixed-gatn operational amplifier 

10 72 connected to the output of filter 70, The output 
oi operational amplifier 72 is in turn connected 
9irough a band pass filter network 74 to the input 
of a further operational amplifier 76. Amplifier 76 
converts the single ended output of amplifier .72 

16 mi filter 74 Into a double-end^ signal, md deliv- 
ers this doublB-widod signal to ttie infMJt of an 
elsctrooptlcal isolation device 7a The outputs of 
isolation device 78 are connected to the inputs of a 
ftirttwr fixed gain operational amplifier 80. The out- 

20 (Sit of amplifier 80 is connected via a further high 
pass filter 82 to the input of an adjustable gain 
amplifier 84, The gain of amplifier 84 Is controlled 
through a gain adjustment terminal 86 which Is 
connected via a digital to analog converter 88, to 

25 an .cHJtput of microprocessor 40, The s^nai output 
of empllfla' 84 ts connected, vfa an analog-to-illgltat 
converter 00, to an Input of the microprocessor 40. 

In a monitoring method according to one em- 
bodiment of the invention, the cuff S4 Is mounted 

5c to the upper arm of the subject or patient P, 
whereas the fingertip probe 60 is mounted to the 
patent's fingertip F. As shown in Figure 2, the 
patient's fingertip is disposed between the Infrared 
light emltOr^ diode 54 and photodeteotor 66, so 

as Otst the patfenfe Qngerttp F ooctudee the Rght path 
between diode 54 and me ptictcdetscfof. VVIiiie fiie 
distensible bladder or member 26 of cuff 24 Is ir> a 
deflated condition, the pattenfs nomiBl pulse 
causes psriodlo expansion and contraction of the 

rfo small arteries within tingertip F, Thus, the volume 
of artortal btood within fingertip F changes perlodl- 
cdly, ^sorption of the infrared light Impfinging on 
photodeteotor 66, varies witt? the vofome of arterial 
blood In fingertip F. Therefore, whBe the Bsrfit emit- 

49 dr^ diodes 52 and 54 are continuously iilumlnated, 
the output of photodeteotor 55 will vary periodically 
In accordance with the ' periodic changes In the 
arterial blood voiume of fingertip F Induced by the 
pulse, The red light from diode 52 Indicates (hat 

60 &ie fingertip probe Is operating, 

"iWs peilocScalty varying component, having 
the seme fiindarrwntal frequency .as the pulse rate 
of the 8«b)i9ct Pwloaliy on the order of about 1- 
&^ passes through \m pass filter 70 art^tiJIer 72 

S5 and band pass fBter 74, which has a pass band 
from about 0.2H2 to about SHa. The filtered signal 
Is converted to a voltage difference by amplifier 76, 
OTd passed to isolator 78. The Isolator ts arranged 
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to' convert the voltage difference to light and ifien' 
ttat* to a further output voltage dlflferwce ^gnai. 
Thus, the Isolator 78 serves to pass the signal from 
the output of ampKfisr 76 to the Input of anplifier 
80, without any direct eleclfM interconnection be- 
tween these two amplifiers. High pass filter 82 
rervioves DC or low frequency components which 
might ise added to the signal by isoiatw 78. The 
llitered and amplified signal iMSslng from sarpHner 
80 via high pass filler 82 Is further amf>llftecr in 
variable gain ampllfief 84, and passes to the signal 
processing con^ponents of master microprocessor 
40 Via analog to digital converter 90. 

The microprocessor 40 conlrols the operation 
of variable gain amplifier 84 so as to assure that 
the periodic or pulse wave signals passing into the 
microprocessor via converter 90 are within a pre- 
detenrilned, relaBveiy narrow range of amplitudes 
despite physlotoglcal variations and variations in 
the ptecement 8r>cW)r response of the flnssilip 
probe 50, Also, the microprocessor extracts pulse 
rate Infwmrtaflon from this periodic signal. The loglo 
of Bie mioroprocessor operations for performing 
this function Is schematically Illustrated In Figure 3, 
At decision bloc!< 100, the microprocessor will exit 
from the pulse determination and gain control rou- 
tine If a blood pressure reading 1$ required. If not, 
the microprocessor proceeds to sample the signal 
ehtering via analog to digital converter 90, repre- 
senting the output of photodetector 6S. At this 
stage, the gein; of amplifier 94 is atadefaiiit value. 
As no blood pressure reading is l:>eing taken, dis- 
tensible member 26 of cuff 24 is deflected, and the 
artery A will be substantially unacciuded. There will 
be a good pulse at tingprt^ F, and hence the 
ampHRed photodeteoior output signet passing to 
microprocessor 40 frcwn ampllfter 84 via converter 
90 wHl have psfSodicafly varying values con^pond' 
Ing subefmitially to the pulse of the select, with a 
rrtaximum and minimum on each oardlao cyole of 
the subject 

The microprocessor finds an oscHlafion virifh a 
relatlveiy rapid rate of change or high first deriva- 
tive, and finds the minimum associated with this 
osdiiatlon in the amplified photodetector signal, by 
ohecStlng, (he value of the signal at successive 
sampling intervals. When the v^ue of the amplified 
photodetector output signal Increases by more than 
a predetermined ttireshoid amount between suc- 
cessive sampling Intervals, the oscillation is recog- 
nized as valid and M value at the eaiiier one of 
these two successive sampling Intervals is iaKsn as 
Ihe minimal value associated vvAti the oscillation. 
Thus, (he dlf^nee: between valve of the am- 
plified photodetector 8lg«e! is takeo as apprwima^ 
ir^ Hie first denva^ve of (he mp^fled photodetec- 
tor signal. Osc^MoFte representhig true pulse 
wBvefemrw v^ii normally haste a hlgfr first derfvaUve. 



The system will not pass to the steps of identifying 
minimum or maximum values associated wiih an 
oscillation In the signal until it finds an osciDation 
with a first derivative meeting the required Ihresh- 

5 old, Thus, (he system will reject slow osciltBlions 
which result from factors other than pulses. 

If ho such possibly valid oscillation occurs with- 
in a predetermined 6me period, the system passes 
directty to ttie increase gain sirfsroutine discussed 

10 bekw as IncMcatsd in broken lines. If 9ie system 
llnds a valid oscliiaflwt with t!w requisite first de- 
rivative and finds the minimum asso<^ated with (hat 
osclltaiion, the system proceeds to find the maxi- 
mum value associated with that oe(^ll3tlon. TTjus, 

IS (tie microprocessor compares successive sampled 
valuer of the signal following the minimum, A vaJue 
followed by a lower value is talten as the majdmum 
value. The rrMcroprocessor compares the minimum 
and maximum vstues determined in this fashion 

sa and computes the difference between them, 

The difference between the minimum and 
maximum values of the amplified ' photodetector 
output signal represents the amplitude oi (he os- 
cillation. If this amplitude is below a predetermined 

as minimum, the microprocessor transfers to the in- 
crease gain subroutine. Thus, the inwease gain 
subroutine Is called either tf Ihe micrt^rocessor 
does not detect, any O8<^llation wi(h the threshold 
first derivative, and hence does not find a minimum 

00 value, or If the microprocessor finds both minimum 
and maximum values but the amplitude of (he 
osciliatlon is below the desired aptitude. 

in the Increase gain subroutine, the micropro- 
cessor sends a signal via digital to analog con- 

35 verter 88 to the control input 86 of variable gain 
amplifier 84 {Bg. 2) \o raise the gain ol the am- 
plifier. The mlwoproceesor then tests to see wfieth- 
er the gsdn of this ampiifler is at a preestabUshed 
maximiim vakie, if so, the system sets a signal 

« error fteg incScatlng tfiat even with maximum gain 
!n (he Bmpifflcatton system, the photodetector and 
asswjiated elec^onio components will not produce 
the desired periodically varying signal. Such a con- 
dition may occur for example, if the fingertip probe 

4$ 50 (Figs, 1 and 2) is dlsconneoted, or if the finger- 
tip probe is mounted improperly, so thai the finger- 
tip is misaligned with the photodetector, However, 
if- the gain is not at the preestabllshed maximum, 
the system returns So its starting condition without 

so setting the error flag- In either case, the system 
repeats the (oregoing sequence of operations. 

tf tt!9 dijference between the minimum and 
msnimm values exceeds the preestabtished mini- 
mum, flie microprwessor does not witer the in- 

96 crease gain subroutine but instead proceeds to test 
the difference or amplilude agalrtst a preestabllsh- 
ed maximum. H the difference exceeds the 
preestabllshed maximum, the microprocessor 
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passes to a decrease gain subroutine, and sfgrwis 
the amplifier 84, via digital to analog convertar 86 
and control input 88 to decrease tlie gain. TTie 
system tiien tests tSie gain to see (f tlie gsUn has 
been reduced to a prsestablisiied minimum. If so, 
tha system sets tlie signal error flag, IndlcaHng ihat 
the amprified fingertip probe slgria* has an am- 
pHtude greaier titan th9 mndmum tfbnmijle am> 
pituds even with the gain In the system set to the 
m(nirr«im. Such a oondltloo may occur il the 
photodeteotor probe signal is subject to spurious 
variations due to electromagnetic interference, 
movement of the fingertip probe with reapect to the 
patient's tinserttp or the m. Again, whether or not 
the system sets a signal error flag, It wHt return 1b 
the starting point of this sequSnoe Of opsrsStons 
and repeat the sequence s^ain. 

If tlie ampthude of »i© oacBlatlon in the am- 
pllfled photodeteotor sfgnal Is irt the cteslred range, 
between the predetermined minimum and ms>(f 
mm values, the microprocessor wlil pass to the 
pulse rate determination step, and de^mine the 
puise rate by the time ©lapsed between one maxi- 
mum in the amplified photodetector output signal 
and Uie next succeeding maximum. This period 
oonresponds to the period of the patient's pulse. 
The system computes an average of the period for 
the last few oscillations. By comparing each newly 
found period to this average, the system deter- 
mines whether the nswiy found p«iod confesponds 
to the average within a predetenrsined toleraitce, 
typically plus or minus 18% of Hie average. If It 
does not, the system rejects the last oscillation as 
a spurious, non'periodio signal, sets the signal er- 
ror nag returns sgsin to the starVng point 
wl^out return!)^ a pul^e rale value, as tndlcsted In 
brolwn lines in F^ure 3. if the period of the last 
osctliatlon does correspond with the average, ttien 
the system treats the period between the last os- 
cillation and the preceding osciiiation as a valid 
pulse period and includes this last period In the 
average. 

When valM periods are detected in this fasti- 
ion, the system sete a signal OK flag and.ciears 
any signal wor flag to indicate that ttie fingerflp 
pnbs 50 and associate circuitry ar9' ftmcllonlns 
prc^rly. h this "signal OK" conditio, the micro- 
processor computes values for the average am- 
plitude end threshold (first derivative) of the oscilla- 
tions In the amplified photodetector signal repre- 
senting valid pulses, h this condition, with M 
"signal OK" fle^ set, the mlcKH^rocessor wtii c<»t)- 
pute the pulse rat» and dspiay the puise rate on 
display 18. By wntrast. In pe "signsd error" con- 
dition witii the "signal enw" flag Set arid the 
"signal OK" flag not set, (he microprocessor shows 
a warning symbol (such as a series of dashes) on 
the pulse rate display 18. The system returns to 



She start of fills puise detecflon routine and continu- 
ously repeats the sequence provided that no blood 
pressure reading Is required at the time. The 
microprocessor thus continualty updates both the 

5 pulse data and the condition of the photodeteotor 
slgnai (OK or error). 

In the nornnal operation mode, the apparatus 
talos osoililometrlo blocKl pressure readings at pre- 
determined Intervals as timed by mlcnsprooessor 

JO 40, The epparatim may be provided with controls 
{fwt shown) for adjusting the length of these inter- 
vals, Wm suoh an Interval has elaps?td, and a 
new maoQ is required, microprocessor 40 com- 
mands valws 32 to close and commands pump 30 

fs to pimtp air into the dtstsnslble member 28 of the 
cuff. Durtr^ 'mi« cycte. the system vflH pump 
into cSstsnsibie member 26 urrtil the pressure 
readiies a starting value which should be sufficient 
to substantlaliy occlude artery A and block blood 

go flow Sirough this artery. If a systolic pressure read- 
ing has been taken within the last few minutes, the 
system will use this iasi systolic pressure, plus a 
predetenmlned margin, as the starting value. If no 
systolic pres^re has been determined, the system 

90 will mpisff ei default value greats than typtcsd 
normal systolic pressurse, and miM preferably 
about 170 mm Kg, ss the starthig vcdue. Once the 
' syslem reaches the starting value, ttie pun^ Is 
shot off and the system monitors the signal tirom 

59 pressure transducer 34 to determine the magnitude 
of osclllatfwis in this signal. 

The system periodically opens valve 32 so as 
to bleed air from distensible member 26 and de- 
crease Oie occluding pressure applied to the sub- 

9S iect'8 arm stepwise. After each such sfepvHse de- 
crease, ^ sy^m determines lire magoituds of 
osdiiationB In the'stgnal from pwswjre trmsducer 
34, When the pressure In dfeten^ble member 86, 
and hwce the occluding pressure applied to the 

« subloofs arm, is equal to the subject's systolic 
blood pressure, putsaftlle flow through artery A wlil . 
commence wic* again. This pofeaJtle flow will 
cause puisatlorts in m ear within distensible mem- 
ber 26 and herKs will cause a substantial increase, 

45 in the ampiltude of oscillations In the signal from 
pressure transducer 34. Tho microprocessor cap- 
tures the pressure prevailing at this Increase in 
me^nltude of the osctBaitions as ttie patienrs 
system blooci prssBUre, and sh9V\rs Uie systolic 

69 blood pressure on systole blood imssurs display 
12. 

. If the amplitude of ^ oscfllsfions in the signal 
irom pressure transducer 34 does not inoreas^ 
s|)predably after several stepwise decreases In the 
se pressure wIthSn member 28, ths microprocessor 
takes this as a signal that the starting pressure was 
insufliclent to occlude artery A, The microproces- 
sor actuates pump 30 and vaive 32 to Increase the 
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pre^re vAIHn dlstwis&le member 29 once again 
to a WW starting value, about 60 mm Hg higher 
Bwn the prior star«ng vatuei. The system repeats 
the' cyc^e of stepwise deflation and testing for an 
increase In amplitude of oscillations in the cuff 
pressure signal, until tJie systolic fs-essure is found, 
tf no systolic pressure is found after several defiS" 
lion steps, the starting pressure is increased once 
again, if a fault in m system prevents detec^on of 
the systolic pressure tfte pump 30 could continually 
Inflate Ifie distensible member 26 to progressively 
higher starting pressures, An overpressure safety 
switch (not shows) In communication with member 

will shut the system off and release the pres- 
sure within member 26 If the pressure exceeds a 
predetermined maximum value. 

After the systolic pressure has been found, the 
microprocessor continues actuation of valve 32 to 
continue bleeding air from the distensible member. 
Whem flw occluding pressure reaches the patient" s 
diasttrfkf blood pressure, the magnitude of the os- 
cillations In the signal from transducer 84 de- 
creases markedly. The occluding pressure prevail- 
ing In the distensible member of the cuff at this 
time Is captured by the microprocessor as the 
subject's dlaetoitc blood pressure and shown on 
diastolic. blood pressure display 16. The micropro- 
cessor ala5 computes the subject's mean blood 
liM^ssure and siwws tte seme on mean ms$m 
dlspiay 14, The mloroprooessor also con^pares ite 
systoKo, cBastolte and mean pressure values wiai 
appropriate limits, set by the t^erator Hiro«gh Hmft 
■ adjustment controls (not shown) and actuaiss an 
alenri if the actual pressures deviate f(om the set 
limits. 

In normal operation, this cycle of oparetons is 
repeated periodically, so as to repeat Bie osctl- 
lometric blood pressure determination at Ste re- 
quired Intervals. The figures shown In the Wood 
pressure displays are updated on each repetition. 
During the Intervals between oscillometric Wood 
pressure determinations in norma! mode operation, 
valve 32 is open and the air Is released from 
dlstenslbte memtjer 26, so as to release the oc- 
cluding pressure on the subject's upper arm. Dur- 
ing these intervals, the pulse rate determlnaflcn 
cycle dlsoussad above is repeated. The system 
may also be provided with controls (not shown) for 
selecting a "hold" mode, in which fts osoHlomehio 
iwessur© determinations are not repeated, In the 
hold mode, the last measured values would be 
contlnualty displayed. Also, the systm may be 
prm^ded with controls to allow the operator to 
override th& automate cycte wid contrri the oc- 
cluding preeawe directly. In ails manual mocte, tt» 
system operatsa as a manual srrfty^HTwnometar. 
Ordinarny. the phyalclffi^ would use this capafollUy 
to perform a manual t^ood pressure determination. 



aid would use an Instrument such as a stetho- 
scope for monitoring the flow through artery A. 

Wlion immediate blood pressure Information is 
required, the operator need only touch the "stat" 

5 button' 22 (Figs. 1 and 2), thereby actuating mo- 
mentary switch 48, in response to actuation of the 
momentary switch, mlcroprocassor 40 enters the 
stat routine depicted in Fig. 4. This rouHne uses the 
plethysmogrephte signal from fingertip probe 50 

fo and the aesocltrted drciJtry to detect pulsatile flow, 
BeoMJse the flngertlp F monitored by probe SO Is 
distal to the upper arm engaged by cuff 24, the 
Fingertip is supplied with tslootl through that region 
of artery A occluded by the occluding pressure in 

js the distensible member 26 of the cuff. Therefore, 
when artery A is fully occluded by the pressure 
applied through the cuff, there will be no pulse at 
f^ertlp F, and the periodic component of the 
^gnal fnom the photodetector will disappear. When 

so the occlusion is released, and the occluding pres- 
sure falls to the patient's systolic pressure, the 
pulse iftlll return at lingerllp F and the periodic 
variation In the piethysmograptiic signal will re- 
sume. 

25 As the first step In the stat cycle, the system 
tests the plethysmographfc signal by checking the 
"signal OK" and "signal error" flags set during the 
pulse monitoring routine. If the signal OK flag is not 
set and the signal error flag is set, these Indicate 

30 that the piethysmographic signal is unreliable and 
cannot be used to detect' the pulse. Rather than 
attempting to execute the remain der of the stat 
cycle. tt» system will automallcally take an oscli- 
laiTOtrlc blood pressure reading which, as dls- 

35 cussed atiove, does not utilize (he plethysmog- 
re^hlc sigr\&\ to delermlne pressure, nils provides 
a sfgnlfloant "fall safe" protecflon for the patient 

if the signal OK fl^ Is set, and the signal error 
flag is hot set, then the plethysmographlc signal Is 

40 reliable, and the microprocessor proceeds to the 
remainder of the stat cycle. During this cycte, the 
gain appted In amplifying feie plethysmographlc 
signal from photodetector 55 is fixed at the value 
eEfebllshed during this piilse'detsction operations 

46 discussed above. 

The microprocessor begins timing a predeter- 
mined stat cycle interval, actuates valve 32 (Fig. 2) 
to close and achates pump 30 to inflate the disten- 
sible member 2S In cuff 24 to a starting occluding 

50 .pressure. The starling pressure will tjs approxi- 
mately 25-30 mm Hg above the last measured 
syslote pressure, or will be "the default value If no 
systdic pressure has been detemilned within the 
last lew minutes, 

6s After fie ocduding pressure readies the start- 
ing pressure, the system t»si8 the plethysmog" 
rafWc signal (Uw ampllflad ^gnat from photodetw;* 
tor 55) to determine whethw not a pulse is 



13 



gP0 298«20A1 



14 



present at fingertip F. The system chedw for an 
oscilfation with the hfgh nrst derivative characteris- 
tic of a true poise waveform. Thus, the micropro- 
cessor samples the amplified photottetscior ^gnaf 
periodically and teats for successive samples dif- 
fering frorfi one another Sjy at least the Bveshold 
value established cturirig the pufee detection rou- 
tir©. It no SK* p^r swcesstve sampled values 
Js foynd wrftMn a predetermined tfrne, then there Is 
no pulse. K there Is such a pair of successive 
sampled values, the mtaro iwocessor treats ttiat set 
of successive values as incBoatlng ttie mWmum of 
the oscillation and proceeds to «heck for the maxi- 
mum value of the amplified photodetectw signal. 
The microprocessor then sutjtracts the minimum 
value from the maximunn value to determine the 
amplitude of the pulse. Only If the pulse exceeds 
the minimum amplitude likewise established during 
the- pulse monitoring routine does the system re- 
gard a variation In the amplified photodetector out- 
put slignal as lowing a true pulse. As will be 
appreciated, the gain setting features of the pulse 
monitoring routine are not employed during this 
routine. The gain of ampilfier 84 is fixed during the 
entire stai cyca^. 

If the sysiem f frids a vaSW pulse in this fashion. 
It will actuate pump 30 to Increase a» occUiding 
pressure within disfensiisle member 26 by a pre- 
determined amount and then repeat the signal 
monitoring sequence, Thus, If (he irttfai or starting 
pressure 160 Is less than the systolic pressure 
prevailing at the time, the system will detect pulses 
at fingertip F and will increase the occluding pres- 
sure until the pulses disappear and a predeter- 
mined time elapses wlBiout the occurrence of a 
fwr^er valid pulse. 

After a predetermined, time elapses without oc- 
currence of a valid pulse, as Indicated by the 
photodetector or plethysmographic signal, mtcnj- 
processijr 40 sterfs a deflatfon routine. In the defla- 
tion routine, the microprocessor opens and doses 
vah/8 32 at 8 rapid rale, and checRe me occluding 
(»9^ure !ev^ or level of fluid pressure In dlsten* 
sibie member 29 by monltcfring the e^al from 
pressure transducer 34. The microprocessor moni- 
tors the rata of deflation or rate of pressure de- 
crease and adjusts the duty cycle or percentage of 
time valve 32 is open to keep the avwage doMlon 
rate in a predetermined range, preferably at least 
about . 3mm Hg/sec, and most preferably between 
about 3 and about 6mm Hg/sec, so that the cuff 
deflates rapidly. 

While the cuff deflates, the microprocessor 
continues to monitor the signal from the 
photodetector. In this poise detection routine as 
welt, the system uses the same criteria to detect 
variations in the plethysmographic or photodetector 
signal wWch may indlc^e a valid pulse, viz, a 



minimum rate of change or difference between 
sucoessivo samples, and a pulse ampilfetde or dif- 
ference between minimum and maKlmum values 
corre^rsdlng. vrftWn a predetermined tolerance, to 

g the average pulse amplitude set in the puls^ moni- 
twir>g TOirtlne, When a sii^ie seerrtngly vend pulse 
signal meeting these criteria Is detBoted, the micro- 
processor temporarily captures ih© itwn prevailing 
value of the occluding pressure, as monitiwd by 

10 transducer 34, as a possible vah» of the subfecf s 
systolic pressure, 

Hov/Bver,' this value is not treated as a valid- 
systolic pressure value until another seemingly val- 
id pulse has also been detected. The period be-' 

19 tvreen thew two suooessivo seemingly vaSd pulses 
is compffired with the average p(4s9 period eetab- 
lished duiing the pulse monitoring routlna If the 
period between pulses matches 9ie average pulse 
period within a predetermined tolerance, typically 

20 plus or minus 18 percent, then the two successive 
seemingly valid pulse signals are treated as repre- 
senting true pulses. The possible systolic pressure 
value captured on the occurrence of the first appar- 
ent pulse signal is fir^ally captured as a value of the 

as paltertfs systolic pressure and shown on the 
systolic pr98«n9 display la. If the sequ^ice of m 
appffl^tly veSd puka signals, with the approprlafe 
period between pulse signals, does not occur, the 
microprocessor disregards the temporarily cap- 
so tured value ahd continues to monitor the plethys- 
mographic of photodetector s^nat white the cuff 
continues to deflate. 

As soon as a valid systolic pressure value has 
been captured, the sysism otiecte the flmer stsrtsd 

55 at the beginning of the stat routine. If the predeter- 
mined Stat cycle interval has not elapsed, ttie 
microprocessor immediately terminates the doRa- 
Son cycle and relnflates the distensible member of 
the cuff to a new starting pressure higher than the 

40 captured systolic pressure by a predetennined 
amount typic^ly ab<?ut 25-30 mm Hg. Tfie systolio 
pressure determlnafion is r^eated once again, 
AQtfin, trie microprocessor wHt test the plethysmog- 
raphic slgn^ for possibly vaBd pulse signats and, If 

■m none are cribserved, wlil start the deflation cycle. 
During this repeated deflation cycle, the micropro- 
cessor again tests the plethysmographic signal to 
detect variations which apparently Indicate a valid 
pulse at fingertip- F. Once a sequence of two eppar- 

80 ent pufee signals is detected again, a new value of 
the systolic pressure will be captured again as 
cfescrtbed above and the displayed systolic pres- 
«ire will be updated to reflect the new value. Tills 
cycle of operations will be repeated again and 

35 again until the stst- cycle interval elapses, where- 
upon the system will return to normal mode opera- 
tion, Upon thB Initial return to noffn^ mode, the 
cuff is deflated to restore drculatlon through the 
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arm bsafhig cuff 24, and then tfw cycfe of o«Jil* 
lametrlc blood pressure readings at normal inter- 
vals, and pulse rate monitoring'ts resumsd. 

Owing m stat cycle interTOl. the system wi!l 
provide repeated systolic pressure readings in rap- 
Id succession, typically about one reading every 15 
seconds, Because the occluding pressure need 
only be cycled in a relatively nanw range from 
Just above the prevrfHng systolic pressure tc just 
i»h3w the syetoiks pressure, the r^aUvely I0f»a 6v 
torval required for gradual rec!uc»)r of the pressure 
over the entire blood pressure range, ertocanpass- 
Ing both the e-ystolic and diastolic pressures, is 
olimtnated, Also, because ttie puise is detected by 
the flngeffip probe, Ind^endently of any oscljla" 
tfws In the pressure traneducer signai. «w defia- 
tton or redut^oo In ocdiidlng fmsure can proceed 
at a rsfrfd rate. Thus, there Is no need to stop Jhe 
deflation cycle and check for oscillations in the 
pressure transducer signal, Wien this stat cycle 
Interval has elapsed, the microprocessor returns to 
nornitai mode operation. Upon the initial return to 
normal mode, the cuff is deflated to restore circula- 
tion through the arm bearing cuff 24, and then the 
cycle of osciilometrie btw)d pressure readings at 
rKtrmal Intervale, and pulse rate monitoring is re< 
sunfted. , 

Nurrieroue variations and oombinatkms of the 
features described above can be utilaed without 
departing from the present InventkHi. Thus, the 
piethysmographlc flngert^? pn*e vmi to detect 
pulse fate and to detect pidse during the m cycle 
could be replaced by a different fomi of transducer 
such as an electronic -stethoscepe or me III«e. ki a 
distinctly less preferred variant, .osciilometrie morri- 
torlng could be employed In the stat cycle as well 
as In. the npmnai cycle. In this variant, ttie occluding 
pressure within member 28 of the cuff could be 
decreased stepwise from the starting point in mea- 
suring the systolic i;»'es3ur9. An incroase in am- 
plitude of oscillations In the signal from transducer 
34 would signal resumption of flow through artery 
A. This variart is less preferred inasmuch as it 
would require that ttw system stop the defl9«on or 
preeaure decrease cycle on each step for a pre- 
determined tliTO and then watt to detect the mag- 
nitude of osdilattons in the pressure transducer 
signal. 

In a further vsurtam, the normal mode pressure 
ctetsrmlnaSorts can be omitted. Thus, the apparatus 
and m^ods deswibed above can provide systolic 
pressure ctetenrtnstlon only, without any nornial 
mode systolic and diastolic pressure monitoring 
cycle, in this variant, the systolic pressure may be 
repeatedly determined during pressure monitoring 
Inten/als by the same tedmique as described 
above for slat mode operatton. The cuff may re- 
main deflated between pressure morritorlng inter- 



vals, and the gain of (he plethysmograph signal 
amplifier cw be adjusted as descnbed above while 
She cuff is deflated. Each pressure monitoring inter- 
val may be initiated manually or in response to a 

s timer of ottier controlling device. 

As these and other variations and comljinattofts 
of the feature? described (Jan be utilized without 
departing from the faresent irwention as defined in 
the claims, the foregoing descr^lton of the jwe- 

w ferred embodiments ^ould be taken by vray of 
Hiustration rather than by way of fimltabon of the 
(resent Irsvenfion. 



F$ Claims 

1. Apparatus for monitoring blood pressure in a 
subject t^araoterised bjr: 

(a) pressure application means 2'4, 2@ for 
?M applying an occluding pressure to a predetwmlned 

pressure applfcatioii region of the body of said 
subject: 

(b) transducer means 34, 50 for generating 
one or mw^ signals representative of blood flow 

25 through said pressure application region; 

(c) signal processor means 44 for monitoring 
at least one of said one or more signals; and, 

(d) control means 42 having a stat mode for 
automatically actuating said pressure application 

30 means 24, 26. transducer means 34, 50 and signal 
processor means 44 so as to determine only the 
systolic blood pressure of said subject. 

2. /^^aratus as claimed in ol^m 1. cftarac- 
terlaed jn ^h^ j: 

9s sal? control means 42 has a normal mode .and 
a stat mode, said control means 42 being operative 
' in said normal mode to actuate said pressure ap- 
- plication mearts 24. 26, transducer means 44 and 
signal processor means so as to determine both 
*? the systolic and diastolic blood pressures of said 
sublect, said control means 42 being operative in 
s^d stat mode to KjtornaBcaliy actuate said pres- 
sure ap^ication rr^eans 24,' 2S, transducer means 
34 and signal processor means 44 so as to deter- 
«s mine only ona of said blood pressures of said 
subject; smd 

selector means 22 for selecting said slat mode 
i^on manual actuation. 

3. Apparatus as claimed in Claim 2, charac- 
so tgii^ in {hat said cot^l means 40 is qpera^ve in 

said staTmode to actuate said pressure e^fHtcatlon 
means 24, S?, transducer nwans 34 and signal 
processor means 44 so as to determine only the 
systolic Wood pressure of said aobject, 
55 4,,/^aralU8 as dalmed in Claim i, 2 or 3 
cha r a c te rised tn that said control means 42 Is oper- 
ative In said stat mode to actuate said pressure 
appBcaSon means 24. 26 so that said occluding 
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pressure tfecreBseB progressively from above ttie 
systoBo blood pressure of saW subject, vfhareby 
satd blood flow thirough st^W portton of the sub- 
Jecfs body will be Interrupted wliBe said occluding 
pressors Is above said systolic preewre. and 
wherain said signal processor rtwaris 44 Includes 
means for capturing the ooclodtr^ pressure prevail- 
ing wfien said one or more signal indicates that 
said blood flow has resumed. 

5. Apparetus' as oWmed ir» Claim 4, daracr 
t^ised Jli |Mt said control mews 40 Irwiudes 
means for actuating pressure aj^Bcation 
mms to Irwreas© said oodudtng preseur© for a 
■further repetition of said systoBo fsreesure deter- 
minatlon In response to capture of said occluding 
pressure as said systolic pressure. 

6. Apparatus as claimed in any one of Claims 1 
<o 5, char a cterised in that said transducer means 
34 Includes pressureTiransducer means 34 for pro- 
viding an occluding pressure signal representafive 
of said occluding pressure applied b said pressure • 
eiDplication means 24, 26 and independent trans- 
ducer means 50 for providing a signal indicating 
blood flow through said pressure application region 
Independently of said occluding pressure signal, 

7. Apparatus as claimed In Claim 6, oharac' 
terteed In thg said independent fransducer means 
inc^udeemeans m Ich^ monitoring a distal region of 
said subiect'9 body distti to 9ald pressure sppSoa' 
tion region. 

B, ApparalMS as claimed in Ctelm 7, ctiarao- 
terlsed in that said independent transtSucer means 
Inolude8~plethy8mograph mems M, 55 for provid- 
ing a piettTywnograpJi signal representing the Wood 
volume of satd distel region of said subject where; 
by oscDIattons In said jMiysmograc^ sl^ will 
indicate occunrenc© of putssSle btwd flow ttwoogh 
said pressure application region of said subject, 
and said means for capturing includes means for 
detecting osciliatlons in satd piethysniograph signal 
during said progressive decrease in said oociuding 
pressure and means for captuiing the oaciudlng 
pressure prevailing upon commwicement of said 
oscillations and providing the captured presajre as 
said systolic blood pressure. 

9. Apparatos as claimed In Clstfm $. cjigrac; 
teriseci In ttigt said (^thysniograp*i means inoludes 
a iigM source 64, a photodetecfer 55, and means 
S3 for fastening said light source 54 end said 
photodetecfor 56 to an extremity of said subject 

10. Apparatus as claimed in Oiaim 8, chatao- 
terised bjf amplifier means 72 for amplifying said 
ptethysmograph signal to provide an amplified 
plethysmograph signal, and gain adjust means fbr 
detecting the ampiititde of oscillations in eald 
piethysmograph signal and automatfcally adjusting 
the gain of said amptifier means to provide an 
amplified plethysmo^ph ^ptel having giscjiiations 



within, a pfedetermined range of amplitudes while 
said occluding pressure is not applied, so that each 
■ pulse of said subject will result in art oscillation of 
said -amplified plethysmograph signal wltiiin said 
6 predetermined range. 

11. Apparatus as claim ed in Claim 10 charaq- 
terised bj? period determination means for deter- 
mining tlw periods between successive oscillations 
tn srtd wnpllBed plethysmograph signal wtthln ^ 

10 ji^deteitnined range of amplitudes white said oo- 
ciuding pres^re is not applied. 

12, /^paratus as ciaSmed in Claim 11 charac- 
teli^etj ^ means for limiting ttie range of adjust- 
ment of s^d gain of said amplifier means, and 

f$ ineans for providing an error signal if adjustment of 
said gain v\«hin said range does not provide said 
oscillations ia said an^llfted plethysmograph signal 
within said pTBdetermlrwd range of amplitudes 
wMie said ocdudirHj pi^sure is not applied. 

K> 13. ^paratus as claimed In Claim 12 cii ar a c - 
tert^ fr) gjgt said means for providing an error 
sign^ includes said psriod detenninatlon means, 
means tor computing the average of said periods 
and means for providing said eiror signal if the iast 

zs detected period does not match satd average with- 
in a predetermined tolerance, • 

14. ApparalMS as o^med in Claim 13 o hara c-- 
twised *2 gjsl said means for captwii^ IJw oo- 
ciuding pressure during stat mode operaHon In- 

w oiudes means iw temporarily capturing tlie oc- 
cluding pres^ prevEdllng upon the first oscillation 
within ssdd predetermined range of amplitude dur- 
ing prc^ressfve decrease in said occluding 
pressure, means (or detecting the second osoilla- 

35 tion vrithin said range of amplitudes during said 
progressive decrease In said occluding pressure, 
means for computing tie psriod between said first 
and second oscillations and means for rejecting 
said tempwariiy captured ocdudirtg pressure if 

40 said coTffiputed period does not match said average 
of said periods within said prsdetemnined toler- 
ance. 

15. Apparatus as claimed In ^y one of oialms 
2 to 14 Qharacteflsed iQ thtrt s^d seiscflon means 

49 22 Includes m^ans for mslntairdng said control 
means hi said normal mode absent manual ac- 
tuation, and means for automatlcalty returning said 
control mearts to said normal mode from said stat 
mode after a predetermined iulen/al "of stat mods 

$0 operation. 

16. Apparatus es claimed in any one of Claim 1 
to ''5 chwattoils^^ in ttjBt said (sessure application 
means includes a distensibte mmb&r 20, means 
for tiotding saM distensible m«nber agednst scdd 

S6 pressure applloaUon portion of said subject and 
means lor ret^ntng a fluid under pressure in said 
distensible memb^. 
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17. Apparatus as clalmeti In any one of claims 
1 to te cteracterlsed jn th|| said transducer means 
iTHrtudss means 34 fo7 monitoring the pressure of 
ssid M<S and' generating a fluid pressure signal 
rspresentatfve of SBld fluid pressure, said control 
(tmt\$ befng operative in said normal mode to 
decrease said fluid pressure progressfvely through 
a normal mode range encompassing tlie systotlo 
and diastolic blood pressures of said subject, 
whereby oscillations In said fluid pressure will in- 
dicate pulsatile blood Row In said portion of said 
subject, said signal pnjcessing means Including 
means for detecting oscillations in said fluid pres- 
sure signal during normal mode operation. 

18, A method of monitoring blood pressure of a 
subject characterised by M steps of: 

(a> automaSScalty monfioring tjotti the systolic 
and diastolic blood pressures of s^d subject In a 
normal mods of operaSon; and 

{b) Intorrupting said normal mode of opera- 
tion In response to a mmuaKy applied actuation, 
and 

(c) automatloeaiy (tetwrnlnhtg only the 
systoBc blood pressure of said subject In a stat 
mode of operation when said normal mode of op- 
erafiton is interrupted In response to said manuaiy 
applied actuation, 

ia, A method as claimed In Claim 18, chanacy 
terised jn giat said systolic blood pressure is deter- 
mined in" said stat mode by automatically applying 
80 occluding pressure to a pressure appilcatton 
region of the body of said subject and auto- 
matically decreasing s^d occiuding pressure from 
above said systolic pressure while detecting She 
presence or absence of a pulse In a region of said 
subjectfs body distal to said pressure eppllcBfion 
region. 

ao, A method as claimed In Clafm t0, ctiarao- 
terls^ la ^^'^^ ^ detecting »te presence 
of absence of a pulse In said distal region Inciudes 
the slaps of generating a pietfiysmogrephic signal . 
representing tfie volume of said distal region and 
defactsng the presence or absence of oscHlatlons iji 
said plethysmograpfilc signal ni^ile said occluding 
pressure Is decreased in said stat mode, 

21. A method as claimed In Claim 20, oharao- 
tfldwd jn that the et^s of amplifying said pfethys- 
fnogrsptite signal and adjus^ng the gain apji^ied in 
said ampKftoatlon step white said occluding pres- 
ence is not apfHIed ao as to provide oscillations in 
said amf^iSod {^ethysmographic signal within a 
predetermlnefd range of magrtode, said step of 
deteotlrjg tine prwence er absence of ostdllalions In 
said pTethyswH^raphic Sigmtf ln«H«ding ti» stap of . 
detecting osdMons in s^cf empllffet} ptemysmog- 
raphio signat within «aW predetermined range of 
magnfttides. and relecting ost^tldtions in said am- 



plified pietbysmographic ^gnal outside of sad pre- 
detBfnrined range of magnitudes while said oc- 
cludlr^ pressure is decreased In said stat mode. 
22. A method as claimed in Claim 21, chsrsc- 

3 terised bjf tfie steps of determining the average 
period of oscillations in said amplified piethysmog- 
raphlc sispal while said occluding pressure Is not 
afqjSed; said step of ctetecting oscfllatlphs in s^d 
ampiifiBd plettiysmograpttfc w'gnai inciucHng ttie 

JO st^ of rejectlrtp osclllaHons in said amplified 
ploBiysmographic signai which do not confwm to 
said average period within a predetermined toler- 
ance. 

S3. A method of repetiBvely determining Hie 

!6 systolic blood pressure of a subject charaeterised 
the steps of applying an occluding pressure to a 
pressure application region of the tjody of said 
subject, automatically decreasing said occluding 
presawe from' above said systolic pressure while 

30 detecting the presonce or absence of a pulse in a 
distal region of said subject's body dlsta! to said 
pressire application region, wfiereby said pulse will 
be intemjpted wliile said occiuding pressure is 
above said systolic pressure, capturing the oc- 

85 eluding pressure prevailing when said puise In said 
(^stal region resumes, providing said captured oc- 
cluding pressure as said sys- tolic pressure, auto- 
matically increasing said occluding pressure to 
above said systolic pressure In response to said 

30 resumption of said pulse, and then repeating the 
foregoing steps, 

24. A method as claimed in Claim 23, charac- 
terised, in that said step of decreasing said oc- 
cluding pressure includes the step of decreasing 

36 said dcduding pressure ai an average rate of at 
ieast about 3mm Hg^soc. 
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